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I. Pecullarinies of reactor and plant design of the Novu~Voronezh stoamic power atation
secont unit .
~Watar-water power reactucs with application of water as a moderatur and a coolant
““"““d‘x‘i!’féﬁl‘éé‘éh"ﬁ'é’ii‘"{ﬁ“tlié’“ USSR by two units of the Novo-Voronazh ntomic puwer statipn. Its
" first walt of 2I0 Mw porer is belng now In the starting stage aud the second one of 3654wB
power 1s belug under conatruction.

The firgh unit w%as described earlier {1,2,3] . Conatruction of this unit pursusd the
aim to gain an experience in design, erection and operation of the atntlona utilizing
heterogenaous pressurized weter reactors, It is natural Ghat pu.ranet;era and design
solutions for this first large atomic power station were selected in some cases with a
certain extent of precaution,

Destsn of the gecornd stage of the Hovn—~Voronezh atomic power station pursués the aim,
on one hand, to make a new step ftowards construction of atomic power plants with ecounamic
indices getting close to thone of Shormal power plants and, on the other hand, te make
maximum use of experience gnined during the -f{irot stage erection in designing and

_marufacturing basic equipment avqlding such new ao.Lurions reslization of which. would ; !
require—a consmerable consumpt:ion of time and means, for reseuch _and _design work._ _'l'hst ls_

: vmy the desipn of the. second unit o*‘ the. statton sh::ild. be considered as’ a nodemized

- Tvariation of the first stase_within aforesaid limite . - " TTTITTTTTOT s
T e reactor vessel, tlke thatefTthe rivrat uilit, will be ¢loge- t:o"an “axpoiient -
echnicel 'm.:d.mum -for:- trmeporbahle -tactory~made-veaaselss=1lt-will-not=ba- .coreredib; Ay
EiZcoFroalon.cladding EHAL nlll-mnke_it pcsatble.»f:o enha.nce;thiclc:\ess'ofm!:he bag c---" o
metal “ag well as" the rated pressure (up to T20 absoliute atnispheres), - T
_ 'To ensure m-unification, the fuel core as that of the first unit: will- compriae ,’;49
hexahnd.ral agsemblies 2.5 m long and sized for a Ilm—mm wrench: : B
Cylinder -ahaped ‘fue)- elements -will contain sintered uranium dioxide in Jackets ~ . 5mm
"thick made of either zirconium-niobium. alloy or: etalnless steel... - e
c,u:t;“,sh__qrt,,the_,ti.me,_of,_epe,c.t on,_it.-has been decided. to use maln clrculatin?

ve-pumps—which~haye-heen T mmnﬂ_lﬂﬂi'l.m“fuﬁ‘.-mu"

pt‘esalu‘e nead = 60 W 0r - water: column). Un- the sAme reason” tho
bo -be--executed. with -a- rsmova.l of the--covers- sinultmeoualy vvvvv thew .
. B 7 esi@_a_neviceim_ﬁuei_necnwug_vithmxb._nemoval or_.che._cover

- T—*—ﬁfirwde#mﬁlmmct:a:mﬁt the=future

: —=—Pue-to-tho=fact=that—the—remcval-ans. M&ng—as——ah&e overy—i- u&h—feeh&r—.finy—lvsel f
ansi_t,hg_:gsg_o_ulp_g_pf_@a ooerabgg ‘gtate-of: the-reactor plant-may take a-lot-of-time;

g K ons -Suould o€ CUmiuTLed ub"Bfuuuﬂl_aa—pURBIUJ.a—lTe.—u utltduon o1 m

-,eciths‘p’aver op—meﬁ'eactor—it—rmﬂ —.néan—a—carreaponmrtn..

| Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100007-3



Approved For Release 2009/08/17 : CI-RP88-00904R0001001000- ‘

fuel bwn-up and, at the same time, an increuse of the inftinl reactivity anppdn which
must be compensated in the opurating devices of the recter contrul and pulety Bvstloew,

A principle of the excess reactivity compensat)on used heve ip bapead un Bubstituting
the fuel for absorbent with an spplication of i fast neutron walter Lrap, Dendgn studying
has diseoverod a posribility for increasing the number of thepe duvices up-to 73 agoenblier
distributed evenly within the fuel cure in the trlangelar 1attlce pointe with & piteh of
294 pn,

The water—to-uranium ratio (» ratiu of water and fucl materis] volumes) rewnsineg
_the same ap that of fthe first wult (I.7). 1t enuures a minur uegulee coefficient of the
reactivity, a sufficient conpenennlon capability of the control aym»m and o ypood neotron
balance. :

The tuel is charged in assemblie: of nrarly the sume desin and t.hn pame Cress-
section size as those of the first unit, '

The diameter of tie UOy=pellets is 7.7 w= and the external diameter of the fuel
elexent is 8.8 mm, each assembly can contain I27 fuel eluments witliin a vriangulsr lattice
with a piteh of 12,3 mm. And iiis mad« 1t porsible~be=dgeresse the thermel cepacity of
the reactor up to ~ I400 Mw, i.,e to exceod he capncity of the first unit.
Further essential increase of the capaciiy might become useful only upon ap increame of
water flow rate and an alteration of reactivity compensation and rechsarging, systems
that would contradict initial denign yrovisions.

Within a core life of +1.542 years, thee puartial rechargiugs provided, the uranium
- burn-up reaches ~’22"’000“‘o**}0'OOOIID/T; “Average’ ahrtchn‘ont‘"needed’“f’o‘x‘”tn’ii‘rix‘-“e't"‘éhargé""""” R
is 2.5 - 3.5 per cent and a fuel nake~up of the reactor is executed by 8 fuel of the 54
per cent enrichment. :

60 from 73 aasemblies of the control devices are designated for compensating slow
changes of the reactivity and I3 others - for safety system of the reactor.

Design of control and safety system assemblies is pimilar in princlple to Lhose of
the first unit; neverthelees, provisions are msde for a hydropiston relief of the
assemblies against upward strain caused by an upstream of the coolant which hamprrs a
reliable downward travel of the assembly toward the side of a reduced resctivity in this
reactor which is characterized by increased heat rate.

Both safety and controul assemblies consist of two parts, one of which is an absorher
and another part contains fuel. : .

Ussge of the fuel in essemblies of the safety syateu provides an improvement of the

nmxtron balence—in-the- fuel-core-and—an-increase-of—t uuc fuel—burn=ups

-~ A decision: has veen made to-utilize a aaturated stean ‘power cycle under & pressure N
of 30 abs” atn‘.:j:hoﬁ.@h ‘studying has proved in prluciple 4n ¢conomic "advantage of T T

—utilization~of-fire-overheating-which;=however;=—complicates—the=plant—design;=-The-Becond-—=="

unit: -111 be provided.lith five. t:urbines alnilax: to. t:hose_ of . t.he Lu-se unit, .gome. .

"velectric capacity of the unit:-will be-of- 365-Mw-with--an-efficiency- ox‘ ebout 26- -per-cent, -

‘ To extract -the power from the fuel coro avoiding a reduction of pa.rametcrs of the

. steam delivered to the turbines and- rmctor :inlet. vater Lemperm.ures a-decisiop has-been: -

. .taken for an.increase of the water maximum enthalpy in the .outlet of the. hot: test fuel
_assenbliea up to.a aat:uration enthalpy and even for the admission of the ateam outlet

- qtml*itr(up“tr‘}—&'pm)'dn omrmem—of*hot*chmneh;—*m—averagrnwtrng—of-f—ea—e—*m

" pumber of the plant circulation loope”( 8 co-pnring with 6 in the first umc). “wing to.

& ‘refusal of- the poesibillt'y 1;0 repair sepa.rate units” durin'fr “the- opo'ration of "the:

=304
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the first circult is aimplifled conulderably and this wmode it posnible to accomsdnte 8
loope in two hermetic boxes,
To maintain a needed quality of water in the first circult, the pir(fication nystem
of the second unit is provided with lon-exchange filters unlike the evaporatars oroected
in the first unit of the statlonj it enaures ‘a slmplified atabilization of tho gas balance.
The filtration is performed at the operational pressure of water,
No gas preuaurizers as those of the firat unit but ateam ones provide a maintensnce
of the prensure in the first circuit thet also facllitates a stubllization of the firat
¢ircuit hydro-chemical conditions,. oo
As a regult of an incroase ir the specific and general reactor powor Lt haa become
possible bto gain a conalderable dr\.p in the fuel and capital components of the electric
power coab. :
The reactor (Fig.l) is a vertical cylinder—-shaped body nof about I9 m im helght. L% S : i
consistu of a vessel (I0) and an upper removable block (I2) with a flat cover. A special ‘ ‘
cylindér—-shaped pic‘ inside the vessel contains a detachable baaket (7) of 3,000 mm in
dlameter and 4,000 mm in height designed for an acconodatlon of the hexshedral assemblies
with fuel elements (5).
Movablevnasenblies (2), deaigned for a compensation of the reactivity and for a
reactor emergency protection , are provided with drives mountgd in the upper removable
block Jjackets, :
) A cover of 3350 am 1n diemeter and 520 mm thick :ls mounl;cd on the vessel flange, . . .. ... ‘oo—o-—0
. _Brench_pipes for-control system-devices and for jac - of “the apsembly water temperature
’ control thermocouples are welded in 85 holes of 100 mm in iameter. The ccupling
of the cover and the vessel 18 ensured by a self-gsealing lock with a wedge-shaped nlckel
packing. As & reserve version, prdviainna are made for a sealing by a flexible clement
of the tore compensator; one end of this element is welded to the cover and another reats
on the vessel flange. The tighteness here is obtained elther by a bar packing of 5 ma in
dismeter or by welding ths tore compensator to the vessel tlange. The cover is secured
to the vessel by 60 flange bolts through a locking ring of 4,000 mm in diameter and 800 ma
in heigit. ‘ )
' Principal scheme of the power svation and cooling system of the reactor is shown in ‘
Pig.2. Bach circulation loop lncludes a cteam generator, a centrifugal conned type pump, } - s
B hwo valves with an electrical drive, a return valve and connecting pipelines wit;h'anv
S internal diameter of 500 mm, , ) BT
_____,»;;_.ﬂhe_abeu_generator ‘designed—ul -be-of- htn'i B

In .the. event of -a- pow_ i
station tiﬁ;_e provided with-a- circuit of the reliable powar Supply conp'ising scoroge v
‘bacteries ggine—driven generatom with autostartg. Power supply of. the. eir:cgit ‘
...eIre ation’ pumps: since: the: first seconds of a failure will be” provided by the turbine
‘igenerators at the expense of the turbine: tina_l run due to inertia and heat content of thg '
'aystem. Upon a decrease of generator: revolutiona lower .than.a normai rate the -pumps-are -
£o- ‘m swﬁ;ched 0 further atop. and:transfercnce to shm:-do'n
in t:ho—roactox,—__gircuit. ! ST —
SHerator- section equlpment is similar cu chat “of - the i
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2. Ways for improvemnnt of water-water power reactors.
Improvenentsof water-water power reactors, to be reulised by the denign of the second
unit of tho Novo~Voronezh atomic powor station, bave heon atriclly limited by the aforesuld
modernization of the first unit and that Le why it Lo far from exhauation of all ways for
the d.evelopmont of wator~water power reactors,
From the standpoint of a probable roeductlon of the power gunerution cont it is
necessary to consider. nome relatively radical ways for improving the design nr vennel-type
water-water powor reactors,
‘ Bteam generativn circult - :
It seems to be advantageous to keep a pimpliest principle of the slcan generution in
‘waporating "boilors" with a delivery of the saturanted steam to Lurbines.
A generation of the energy-producing stesm at tho oxponse of water self-ovaporation
in the reactor clreuit during water orilicing can compote with che utilization of surface-
type steam gonerators only in the cases of a low (quibte inoptimal) presoure and on
application of gufficlently cheap pumps with a cout (per kw of pump cupacity), as
calculations have proved, more than two times lower than tho cost of one sq m of thé ho-
ating suxrface,
~ Pig. 3 shows an increase of a relative expenditure of the energy 4n. for a
circulation and an increase of the cycle efficiency AQ depending on the initist and
tinal pregsures in case of a replacement of a steam generator with the maximum tempersture
d.i.fforgnce ¥ by an orifioiug plant, As it 18 aeen, both increuses are oquul (an =4y
“1,0, the net plant efficiency is not™ reducad) ‘efthér in cage of low’ ‘prepsures of the wteam T T
( Pa = 10+ I5 abs atm) which are disadvantageous for lnrge~a-mle energetica or in case
of disadvantsgeously high temperature differences ¥> 25%,
The steam auperheat; [ sp. in a steam generator results in an increase of cycle
efficiency Afz which is approxlmat:uly roportionaste to a product of 4 tsup and a
heat fraction of the superheat ?su L CP° Sup /AL . A8 a pogsible superheat is pro-
portionate to the average coolant tempernture rise in the reactor at , an increase of
the efficiency caused by an introduction of the superheat is approximately proportionate
to A‘t . A8 minor water heatings are optimal FPor walor-wator reactors, an effect of the
overheating introduction does not, as a rule, prove its value due to a complication of
the design ané a rise of the steam goencrator cost.,
' An application of a two-pressure cycle enhances the orficiency proportionately "to ‘the
firet power of At that makes an increase of the efficlieucy more essential even with
—~a“YowW ot O B—mroviding——Atﬁ: 40 ‘O —a—relativewincrease—or bhe—etﬁclency will bv
S ‘approx.‘iuately as; follows: ;
- T °‘L-~~~-—4
4*~(T"-‘4f/z)(1} W=

’“"oq\d'/ale:t bhe ‘preasurc c,yuu.
A uniform water heatins in aasemblies of the reactor provided. the optimal lisat" At
: »vul increase and, as 8 reault of this, the effect may increase .~ 1,5 times, .
In cage of & successfu.l overcoming the turbine molsture aeparation dltficulties 1t ’
may happen to be advnnteseous, ‘a"high capacity of each cooling loop in-the. reactor
_provided; to use two- ¢ -~ = - wincorporated in-series into:-the: £irst-circuit steam .-
~generatora: of:-aimiler: type thich produoe 8- suturated steam.of :two . temperatureu d:u‘l‘em-ed

-eht oL th ‘ﬁ.rat circuit which must be simplieet and symmetric ao that to minimiz
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conditions for the nutural water circulat fon in tho i1 st cluulb and to compensate
thermal expansion of pipes.

A therusl expansion compenaation in p:e!uz #bly to provide by Lrev shifling the
equipment, if the pipelines are rigld enough and, If posulble, straight. In this case it
is expedient to place the pipelines of the Lirst clveult, mountings of the remctor, puaps,
steunm gonerator and fittings approximately at one and the ssmo level; L4 is useful to
seoure main pipes to the top part of the renctor uppar thun Lhe level of the fuel core
that would simplify the erection structures and incrsase tlie rullablility of the reachot
vasgel .

Water circulation direction in the reactor’

When water in the reactor movos downward the space nbove the. fuel core is free for

the conduct of the recharging operations and an emergency insertion of the control system
" absorbers into the core under a combined effoct of the flow and gravitatlon becomes more
reliable,

However, there is an apprshonsion that a reversal and depressing, of water circulation
may occur in the evont of an emergency while switching off the power supply of the main
pumps, and that it may cause an exceusive overheatiny and damage of the fuel elements.

Such conditions will unlikely cause serious consequences. But it is very difficult to prove
this with a sufficient degree of trustworthiness. Now our consideration will be restricted
by studying an upwoard motiom only during which aforesaid apprehensions are practically

—-digappeared;-yet- this-motion-causes-serious-difficulties-for-ensuring-a-space-above-the-- -
fuel core a.nd for a z-eliablu downward motion of the control and safely system operating
devices . : .

A two-pass fuel core in some respunba takes an intemedtate position between single-
pass cores with upward and downward motions of water. ‘

In such fuel cores with water inlet and outlet in tho bottom it is convenient to fix
the assemblies in the central upward pass by hydropistons and a water temperature control
for each assembly should be orgenized in tbe bLottom only, i.e. in the outlet of the
perifery (downward, hot) pass, In this case a space above. the fuel core will be
unobstructed for recharging without removal of the cover, A downward motion of .watler can
be arranged in all the channels of the control and safety system.

But the two~pass fuel core contains a potential possibility for an occurrence of the -
power neutron instability and still excites an apprehension in reepect of a reiiable
pmvuion—of an—emergency—shut-dom oooling—in—tbe downward-pnea_in the_event_of.. Lsuddon -
oenatiou of the foroed circulation, - T

Yet."themtecnnical advantaged; - connected wif;h ‘an- 1ncreaae of-critical-heat fluxes -
"due-to-an-locrease-of-tie- Tate-and-subcooling= —oP-WAt er-in-a-daNgeYol-point)=And=with=a=
088ibi1ity for an_imcrcase of the temperature rise and & reduction of the wat _Yxorrute

(due- to_ ¥lattening the temperature in'the chamber between passes- - -), can be. ‘essontial - ..
--omnly-in-the-cags -of- rather -higa-redial-irreguiarity -of the. heat release. vhich itself is..

unproﬁtabl.o. . ‘
- That: ‘A8.why ‘the two~pass fuel core usually, ‘has no aufficient “thefmotechnical advantagos

which may._justify an increase. of. the hydroresist;ance and a complicacy of the design
llethods of recharging

“TYJndes- conditions of &’ higb ‘presgure- of ‘the coolant-and-a: channelless structure of -the---——— - -~
3078 a_xuel_monaxm wimvxl—ar—tlm—rmmrcovar—towday—tnoot—pmcuca
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rechargings rarely ( not mure than a few times within one core iit’a) in spite of the )
fact that a more frequent rocharging would enhance the burnup of the oxtractod fuel by
making use of the additionally charged fuel reactivity (4] , and simplify the problem of
an excess reactivity compensation.

A reduction of the recharging duration reduces the power underproduction and
provides a drop of the cost of a kwh. ‘

Malting use of an approximate relation between a possible burn-up S (n) and the
‘number of rechargings n  during a core life Ty (see [4]) P‘“’n)‘/}?"(ﬂxw“g (1,3‘/,,1" ‘
it is possible to Obtain a dependence of an optimal numbor of rechargings  Mopt on the
auxiliary time ‘l; of a water-water power reamctor stoppage caused by the rechurging, as
well as on the pure time needed for the recharging of the assemblies T,»mT s ‘

”En/’rr ;1 | .Q'L ' '
METITES o2 g

where m 1is a total nuber or the waembliee, ‘T.; is the time neecded for the recharging
of one asaenbly, td.v (1)7-4'&

" $ands [Pend
18 a coefficient of the burn-up. fraction reduction due to a radial irregularity of the
neutron field é(,) } when ¢0)>J,(4¥) 6, = 1.69; Celi and Cj=(CieC7)-
_oapital and fuel components and the cost of a Imh under ldeal conditions of a continuoua
recharging under a full capacity., ‘
When n:mat ) the cost of a kwh C,/n) = Crmin ia higher than (,=C; +C.
by the following fractions

AC.gi.loth_: C_.,t;gi_: %+ »%9;% (2+ p%ezﬁ'_);
G - (1+c0/c) (- /1) :

These dependences are presented in Fig.I0, and Fig.II deala with the dependence
OC(ﬂ)/C: of excess of the kwh cost over an "ideal" one on the nusber of rechargingsn .,
It 48 clear from this dependence that a reduction of M down to .5 Myt has no much
orfact .on the increase of the energy cost,

" It_cen_be_geen_that a major role is played by the: auxiliary t;lm a-reduction of

107 %
improvement of the- rec}w.rsing ‘with the cover. removal ‘the reauzation ‘of "Buch -
! stimat‘e’:i.douign_a__mcmmmra

. _a recharging cond cted ‘with an open cover this method will ‘exclude only operacions on
- -repacking-the- cover,. yet- oporations on: actual recharging would ‘be more: complicated. and,-
. apparently, would take longer time, Ihe raactor shut-down cooling before the recharging )
and-a heating after 1t: should be conducted rnther slowly to avoid probable t:hermomechanical
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conaidorably alows down the recharging procoog. An uppllwblou of solld absorbers
1num'ted Lvom above 1 imposgible ab ally o uswse ol Lhe lower drive 18 resteficted due

to anonven]uncen caused by the locatlon of abuoorbers above the fuol core. With this

~8iw the soluctlon ol the reactivity compensation oystew appurantly comes bo an application
of liquid compensslors, i.o, by changslng the concentration of an absurber in the golution,

To thiv eff'oct the most sultabla thing would ln- upparently a uudevldod‘!uu‘ core
with cells (rogsembling "honeycombs") formed by opectal partition walls whitch, howover,
Lavlm up an spprecilable pnrt of bhe useful volume and look like n Leacory structure (Pip,6),

When . removal of the cover is not; provided 16 is most uneful Lo recharpe fusl
without a reduction of the pressure and tempurature but after o shut-down of thw react ion,
Bueh recharglngs can ba performed in two ostagess: 0) an extraction of aspenblies from the
actlve soetion to the cells of an intermediate storage (ort In the opponile way), b) a
removal of agsemblies from these cellg through a vessel lock (or: insertlon of now
assemblles into the colln). and, as -a result of this order, the most complicated second
stage can bo conducted without time limitatlion under the conditions of the reactor
operation,

A design lay-out of this recharging is simlilar to thal shown in Kig.6, Thcre ure .
movable or fixed cells inside the reactor vessel for an inicx'mr-diutn gtorage of usuemblies
outside the active section. These cells and the lock on Lhe cover are distributed one

above another that would facilitate kincmatica of the external recharging device., 1ts container
may be pr‘ovided with & "magazine" to perform lockins only once during one rechaxging.
~o...When there sre ' ~--recharyings-during-core-Life-the-number-of- cells-of an
intermediate storage should approximately make up a 1/ - fraction of the number of
assenblies in the fuel core (if the number of assemblies is 300 and the number of
rechargings varies from 20 to 100, the number of intermediate cells necded should be from
4 to 16), = : , ‘ .

¥hen a replacement of oneo asuehbly lusts ‘f‘ = 15-30 min, tho number of assemblies
is 300 and the core life duration is 'U,‘ 500 days, an increase of the kwh cost due to
deviation from conditions oi' a continuous rech&rging wiph the full capacity will make up

rather low value:
aCnopt) ~ 4 % 300(0 25 05..(03 06)%
(K ‘ 2 °

. 50024

Evaluét;ing the durabion of auxiliary operations ( a shutdown -of the reaction, a
removal of ‘control drives for ensuring a space_above the fuel core and a reastoration of
'cne—operatring'odndmian:a‘)— 8y = 5HTE, WLEH __’9,: 1,69 and ‘/L, =.I, the
follo#ing result can be. obtza.inedx - y

When the drives are lounced beneath t;he fuel core the auxiliary time v‘f’v.v cnn ‘be
,‘,‘reduced that will result in the reduction of this percentage.
V Asaumblias holding

- In a; reactor operatiug in forced conditiona Ehe lift;mg t’orce of the upwcu:d wncer B

e ﬁxed_in_the_walls_of_the_lattice,_as well_asnby_contnolled.locks-or_spzing_coj_l_cta

111 o ' = 7=
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uttnoho.l to the tall of the nunembllns to provido f'ixation in tho bottivm support (rrid
(see !-‘h 6, pos 8). Theds methody roquire alther an axtonded apace bniwnen apnumblies,
or an increase of tho rechurging duvice effort, or un applicatton of uppxum lnte devices,
pnnslmr through the core, to cunbrol the locks.

A more rutionsl method of Ghe removal of asxemblies seems to be an mppl leotion of
plotons connected with tho tailing part, or Lhe nrsembl tes nnd vubjuchod o a reveruve
pressure drop a8 there Lo a chamber benenbh Lhe pistonn for o leakaps enlleelion conneetad
by a0 by-pans plpe with Lhe space abuve the Luel.core. ‘

All the mothods deger!bed slve n o pounlblility to relleve the top part of the pressure
veasal trom devices obstrucling the Luel rechavge.

Dovices and drlives of control and saloly syslem

Bolld absorbern truveling along the axis of tho core nre mont [requently used in
‘wuwr—wul.or power ronchors, The pronctors of hoth atagos of the lovo~Voronezh atomic powor
station equippud by coubrol asseublies with sbsorbers. provided with nentvon waler "traps".

A replaceiment of compensating absorbors and anfety absorbors by Lhe fuel upon their
lifting enoures a pood nnutron balance and Increases. a compennating capubility ot the
control deviees " but, on the olher hand, cavien gome difficnltica when the abgorbers
are belug prompbly jnserted ru'inul, the divection of coolant low, Therelvoee in this case
it s necentary Lo ensure a velilef of the control ancoemblies Croi. the effact of the
upwurd (low undesr the conditions of hilgh heat femovals rutw.

Contzo) levices of l;hcne L Lke uuu'aé ] cunsl derable Jrrcgulm-uy to the neutron {leld

ud_virnblu t,o use t;hum l'ul' an emeeegency nxulﬂu.blou and n cr)mpelmutwn of lh(. r'euct.ivll.y i
chntyresy enuged by bhe temperuture oftect, Doppler=offect and Lhe polauning.

It peons to be useful Lo atisch a componsstion of the fugl burn-up to shsortera with
a‘prelatlively low effectiveness as thelr t.'vuvol“vlouhl not couse marked noutron flow
ivrmsularities; LU Is possible, for exsmple, te utilize Llat or eyl inder-shaped absorbers
Cpravided with seatLoeping tatln, Wien rochargings are conducted rather. friquently
(recharpingn wibhout a cover removal Are mennt), an oxcesut of the reactlvity compensating
thee Burn-up may be low and due to thig fnek the Lotul nf‘lnv( 1veness ol 1bzorbers cannot
be biggh an well.

A dewsign of comblned abasorbors which would combine princlplen of .ubsorptlon in "Lrnpn"
and thin pl ates i algo poosible, A matter of intavest is an application of liquid abaor=
bera which concentration-ln the moderatur or in '8 spucial water circuil may vary. In’
wator-wal~r power reacbors a compensation of tho reactivity Ly meons of changing the -

“neutron- upncbrum mrxy sppem"ho be-diffdcult: lor~»il.n~rvu1:.zatzlon.~.—‘v——

powm.' mnpply oJ. Lhr- 'lrivo La perl‘ox‘merl by l nlucfromnrnrvblc way Lhruur,h a cloncd non-

Tmapgnotic partitions . .
ﬂhllr- condueting a rr‘churping the drlve ].‘Odﬂ muut ba dlnconnr'cbod from Lh= conbrol

o ausnmbly and removed upwo.rd ‘but Ghe control ashsembly should remaln 1 8n extiome low

.-Lt{nn”'mf. ob mber. motru'led ovnr Lhe fucl core, and thc rod’ of ririd connection )
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does not ensure an emergency protection during the racharging without the cover romovnl,
occupies & large area on the cover and requires a reserve space for an upward travel of
the rods.while removing them from the recharging gpace,

2, lydraulic drive applied beneath the [uel core (#1gs?)e A piston Ls counected -
with a "tail" of the control asgembly and travels inside a hydrocylinaur owing to the
regulation of water pressure beneath the piston, The system contains assemblies of a
disconnuctuble coupling of thé piston with the "tail" of tho assoubly und tho cylinder
with the terminal of a wator cuontroller, assemblios of the oxtreme position Linitiation
‘and fixation of intermediato positions, as well as un assembly of Lhe lifting speed
limitation. :

Such a drive providen a prompt cleariny of the space £or recharying without ils
disconnection from the control assembly and with a maintenunce of the umerguncy protection
for the recharging period.

The hydraulic drive requires rather reliable connection of the plubon with control
. assembly to prevcnt from a posolbility of ils upward wotion under the rorece of the t'low,
Thia circumptance compels to peek  for comwbined drives with an upper mechanically movod
to rest and ensure fixation of intermediute positions. This structure is rather bulky
but it provides a reliable and prompt downward . truvel of absorbers from any intermodinte
position, :

Ths hydraulic drive can be combined with non=fuel operating devices of the control
and safety system which are not endangered by an upward motion due to the el'fect of Lhe
cooling water flow, or an \mdet,nckmble oouplim’ of Lhe hydruulic dx-tve pi'lt:on wn.h the
~ control assombly sliould be provided. T I

Problems of burn-up compcnsat;lon by reduction of capacity

A nmotter of interest is a possibllity ol increunin;_; the burn-up and reducing the
cost of a kwh at the expense of a grudual decrense of the reactor capncity brovidin[; the
maintenance of purametersa with the aim of a burn-up compensation owing to o reduction
of Doppler-effect (and, to a certain extent, & reduction of poisoning). This would reduce
the fuel component of kwh cost but enhanco the caplhal one because during 'a requliting

period the power production will be lower than usual. ‘hat is why there iz nn opbimum of
" the power reduction calculated helow,
© . #Lth a linear approximation the kwh nodh czm be l‘emmwnbed as follows:

,,(x) c,+c, < [1+k(1 ae)Jvc Li- nkfn:e]h'nkfil)]

“i1s-a r,oqL ol‘ Lhe T

m w12

- KP( Tk -:; - isavzﬂuew
down to which t:he capcu,lt:,y wil‘,be rmluced durikny' additlonul time of the o;:ﬂrobion ‘T;,
P = T thig cost.C,(%) = ess. than 4. C (‘! )= C° C,,jC o bva-
: fraction (AC/C ) k- 2‘(1’(' /€29 ‘lnz fi'k(i x)] Y T whi:-lvn in the caue of
“K{1F&)<«{ " nas a maximun value when =30t (i*l..,./C )T TEigs, when (', C,:
“the ‘results “would be -as- Followst S 2Dy = T,= T klne:t -.69k’E S and~

. Jsk‘/(i‘Olfk) -Then, when -k;-;_.ll-id. ;;uir ki e skwh-- casL Wikl be T4 5-per-: cent R

recharrin[,s ..is"-rreatnv = :'ain ln The cost. of-a- kwh wil] bc lcwev”'“”

U+L(l et)] 4C n& //(‘ Jg).
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which would be lower than C,:C; +1(; onJy ln the casa of rather uigh K  or
Cc /C « E.gs, when C,/C,( = I the value c 8P /}"m in to be higher than
e ) ; il

Although the gain in the cost 18 not very high, it should be noted that this gain
is to be obtained against the cost reflecting a continuous recharging as u neut:ron non~
productive cupture is excluded while compensalling by abuorbers, .

Above all, the use of power effect siuplifine the reulation system owing to a
reduced number of deviges compensating the burn-up and mukes it posaible to prolony the
time between rechargings, i.e. to enhance a value of rechargings with a cover removal,

3. Optimization of water-water power reactor parameters

Upon selecting definite typus of principal units for an atoumlc power station and
a reactor, the optimization of paramoters characterizing these unita in numerical respect
can give a proper orientation in the ways of the devolopmﬂnt and can essentially reduce
the cost of a kwh,

As far as the number k ot independant; paramelers X, ig high and thelr relations
with the cost of energy are complicated, a direct optimization by means of a conasistent
solution of a closed system of equations (conditions for the minimum cost of a kwh
‘ 3¢,/d%= 0) is possible only in extraordinary cases (6] . Often these conditions have
a complicated form, because, while varying each parameter, all other parametora
preselected ram&i.n unchanged and those "convenient" combinations which glve & simple form
of conditions ac, 31: C upon fixation do not remain constent, Providing such

“combinations selected. it; would be possible to find out simple expressions for optinw.

parameters which would reduce the volume of calculations by many orders. In some cases it
would be useful to fix, in particulu, the reagtor capacity as well as capaclty and coat
of ‘a part of basic electromechanical equlpment of the atomic power stution, '

Considering that relative changes in the cost of a kwh C, are ugually considerably

‘lesser than relative changes in independent paramaters ‘varied, an essential simplification
can be also obtained,

Methods of these like were eleborated in the works (7] and utilized applicably to
water-water power resctors of the typs considered.

A1l the parameters have been subdivided into three groups, Parameters of the firat
and second groups in optimum are expressed analytically in terms of the third "injitiel"

-group .of parameters. -It includes coefficients of the equipment cost as well as a volumetrio
fraction of water in the core £ the pressure P coefflciont irregulsrities of heat :
'w...uuse temparat'ure regeand" wacer ve10c1cies, ay_ well _as_other parametera which.- optimumr e
e not: beo yet obtained in convenient’ enalytical forms.,- e e e
T ThHe L ,_("thermomechanicall) group-includes-tne-capacity
e T S TS T S Ty mperature TLEE ’t’"“*in - the- core, ‘a_temperahmn d*x fference
n_the..steam. -generator-and:other: paramecers connected ‘with=liste
: timized upon:ixo.tion-oﬂ the fuel cost which ie defined by- he
--parameters: i
The second ("fuel") group compriges the diameter d,- a burnup Pu and tl\o coreé life
'Ck < JThey dreé interconnected by the ‘definition ° P... X o P,,, (d) bhrough the
- specif.‘ic power - f.= “grdd : ’
A heat; flow from the length unit - ?ﬂ -or su.rtace ‘unit - ?; of: t:ha fuel: element must
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¥.am parameters o;‘ the first group (lncluding the capacily, parameters of tho
coolant and that of the stoam) are fixed, the capital invostmants and offieiency will
be constant and the sinimum cost of a‘kwh ean be culculated with values f*w 't,, and dr
ninimizing the fuel cost, ) : '
Analysls of exprosslon obtained by such a method in the wurka [7) tor a cycle
without repeated usage of the fuel results in tho followiny:
. L. In the field of dindeters of lucl vlements d,> d,‘?,:/ﬂg,'; - *) where
a linear heat flow 1s equal to the admianible q,"aq,: y the optimul burn-up f’,,,,t
is governed only by the dependonce C,,.(l”..,) ot the fuel cost on the burn-up snd is
" maintained in the point Pu.".P.;t in which & tanzent to the curve €,,(f,)  passes
through origin (i.c. ‘AC,,, /a})w “Cin /P.., ) : py
In this case the optimal diameter is in proportion to the complux (Q»ZK.,./C,,(,P..)‘D,.)';'
i.e. i1t is to decrease with an increase ol the burn-up, tho fuel cont .and wilh reduc-
tion of thé manufacturing cost a Llength unit of the fuel olement (.25 xy, K
where ¥, is a specific weight of the fucl.
This has created a trend to a transference of the optimum d, to. the fleld dy= d,,-‘
2. In this field (d,= d, ) the heat flow $e - equals the admissible (’,': yan
optimal burn-up ig s gewhat lower than the value ﬁ:, and 1t approaches to
as the value V%’ /S'F_“: mf&ﬁ with an increase of 'f; , and with a decrease of
the manufacturing cost of length unit of the fuel element. .
- And the optimal diameter in this case changod as m,/(fm'Pm')cm/)Pw),
5. Optimal value of fi, and d,  are susceptible %o the dependence Gl P
.of the charged fuel cost on the extracted fuel burn-up. Apparently, the optimum for a
dioxide fuel in some cases will be within the limits '30-50 kg per ton and an optimal
. diameter ﬂillﬂnvkudifﬁovﬂmuchufrom.‘.do?$:/3z$:-V= e
‘The optimal cu‘ref}rgw_me stable, It has a value of .about 107 days and crows ‘

uyr )'-‘

as a complex VKusr %(cf" /,p..) , with decreasing of the permissible hent flows
and a ratio (Cm /P... ). together with an increase of the manufacturing: cost.

With the help of correspunding equation given in the works (7] - the caleulativns
‘have been made for 284 combinations of optimal first group parameters proceedins from
different initial parameters of the third group which contain some conditionniities and
due’ 5o which they have varied within wide linmits,

The: following has been taken into consideration whil-~ calculating: ‘

I. Makimdm enthalpy i_“ of water in the outlet of the assemblies should not
essentially differ from the saturation enthalpy i"'-' U'(P=py), . %hen »i‘>£‘ .
it should be necessary to reduce the enthalpy in the inlet Lee or to increase the water - —
flow rate {in both cases the efficiency will drop) or to reduce the capacity. These
'negative'effecbs ‘cannot-be compensated by a certain increanse of critical heat fluxes

—-With-the-increase-of -watur-subcooling in—the dangerous rejpion located ipher than the

~mean” part of the fuel ore. . e f—
B W 1y 8 M3 1T S T) EE — S — T S SO e ———
eutron=b = » o= V TETY '1_(',!,‘01“"%}’“ ot —th e
raulic shocks. ¥ith a low. %  these. . . ...
["aspect of the problem has not been

A yet clea.r_.

< Xiere dg g rge 7 '7is a diameter with which the heat [lows from a lengbh uiit .
<. and-from a-surface -unit of ‘the fuel clement are simultaneously equal to’ those permissible:
"’?”ig""‘n o .and..rc},.- (;F

[
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2. The dLumoter‘ of the active vore should be m.\l&uLOd‘ close to
(3m) of a core fit for a factory-man

. B (Dyp & 4n), '

The use of o diameter larger than Dy, should be advantageous 1f it would not be
accompanied by a reduction of the thicknous and adnlgsible strungth of the vunsel
naterial and by a corresponding sharp drop of the pressure and officioncy which cannot
"be compensated by an increase of the capncity (in boiling reactors the matter might be
nomewhat different). :

A decrease of the diameter causes a fast drop of the capnclity which cannot be
compensated by the reduction of the veasel cost and by an increase of the efficinncy
with the increase of the pressurs permiesible which, with D=4nm 18 close to optimal
one. A gradual increase of the pressure pruvided, the efficiency increase develops
Blowly and oritical heat fluxes drop more quickly that compols either to reduce the

Lbe muximum value
ufactured vesiols of ultimute transportablo olze

capacity or to increase the surface of the fuel ecluments. When ' a?@, ’g,P, = ‘
s -,03°10 o E Eg-'aba AT (seo (8] ), the optimal prensure will be spproximately

120 abs atm that is yet admissible for a transportable vensel. A problem of another
kind is an achievement of sub- and supercritical parameters which can Sharply chanse
many properties to the better. But this problem is not considered here.
m'e results of applicating the equations cpléulnted are chiefly represented by the
following provisions which are valid in the point of the minimum kwh cost. (They, os a
rule, allow rather clear physical interpretation, thout;h'aomet‘.lmea the “commun sensc"
could prompt some erroneous trends.) ‘ ' ~ ‘
' I. An effect of the water-uranium ratio N, on the cost capital compunent of the
kwh cost in optimum is rather low in spite of a big change of the fuel element surface and )
| . the coolant-flow-area-while-changing N(I‘ -4-this- proceeds -from the-compensation-of ang - - — -
~ effect of N, by a reverae effect of the relative length of the fuel core &M,
which promptly inoreases in .optimum hpon increase of NU (approximately as &Q‘LQ'NU)Q
2. An optimal t:heme_tl capacity Q»t_ mainly depends on the radial coelficient of
. 8 heat release irregularity Kg and equals 5 ¢ 6 mllions of_ntbhermal kw when K; =1.5
end 3.3 ¢ 4 millions kw when KW’ 3. Approximately Qortﬁ- K, and practically it
does not depend .on permissible heat flows and it  scems to be advanta;;eous to utilize an
increase of these flows for a reduction of the fuel core relative length. -
3+ An average temperatuxie rise of the coolant in optimum»chiitly depends on the
heating irregularity K°{¥: aver. (approximately, _4{.; K;t ) and mukes
up 45465°C when -~ K4 = I.2'and 30445°C when K, =2. - :
‘ . & An optimal average water velocity in the core W,rt . is ‘mainly governed by the
speed irregularity K.° Wee /Wum-. and makes up 3.544 m p sec when K, =2.5 and
-647m.p_sec_whon K, =_1.25 (approxia : \

§

RPN |
tely,—Wept-~-Ky—):

L Maximun € m 80d volocity Wney  especially are more stable -~
T han mean. oness- Eiges " makes up 89 m ps-sec: approximatelys - :
I =W E-¢. B, ! = Iszilf:'meu‘:rrqﬂ:ui'ico°1mt"3~volumaimitf,"-:ifiis B

uhmn—foﬁch”‘aﬁ‘g‘éjhﬂéioiczty‘Aﬁn‘ﬁihea,uns of_ water in one and the same rate as ¥} _
~5¢-An-optisal-fraction of -an energy:consumption: for pumping the coolant 7y=Ny o
:rather weakly: depends .on:all.the: initial.data varied and. makes up.(.6~,9)-per cent -of
" the heat capacity. . L - e 3 ‘
" .64 An optimal mean temperature difference in the steam generator is also stable
and for a stainless heating surface it makes up approximately 25°C. = o
7. Mnd, at last, the unit cost Cyer - (investments per I kw without the first
sharging-cost)—1s-ohiefly governed-by-the-dependence-of—the-second-—ctreutt—cost—and———
thﬁ:afiiﬁiiiidﬁi syatems of the atomic power station on_the capacityt Cyp S-A+BQ._The -
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main part ia plnyod by the coefficlent B, but it io intorontimr that 1t hap rathor low
effect on the thermomechunical purometiers optimized.
A unit cout ls essentlally reduced upon. the reductlon o(‘ trregularity coeffieients
K, and Kgt
v Upon an increase of the presnuro the value of the unit cost dropn too. but Lhe
longth of the Luel core as well as the fuel charging are incroased (due to a decreéna
of permisglble heat flows). That 18 why there is au optimum of the prunsure p; of about
120 abs atm which was ‘apoken about previously, With this pressuwe And a maximunm wataer
enthalpy corroopoudlng to the saturation for a mean heat flow on the surface of thn nost
intense fuel ¢lement = I.2¢ +10° WI:cnl whon Lhe radinl irregularity of heat
‘reloaue K.} = 1.5, tho optimal parumeters of u wuter-water pewor reactor with a maximum-
slze tranasportable vessol of 4m in diumoter are laid approximately «~ithin the fol lowing
limitws the thermal copacity ‘Q=5.5'Io€’kw. the electrical capncity V= I‘.G.‘IOG kw, the
hoat removal por the collant flow area unit ~ I.}'Iu6 'E—ls!in—' ¢ the fLuel core lenygth-fuel
elemcnt diametor ratio ~ 500 (when water-uranium ratio ~1.6), the muan heating and '
volocity of water 48°C and 6.5m p sec (when K= I.2 and Ky= 1.25) 3 e mean '
tomperature difference in the steam generator 26°C; Lhe steam prensure p, = 450bs atn,
tha cycle efficioncy ~30 per centy, a fraction of the powér consumption for the
eirculdtion n,‘d .69 per cent (when the pump erficiency ~ .7).
_ Parameters of the second unit of the Novo-Voronezh atomic powex station nre close
to optimal values as to tho pressure, - coefficients of the irregularity and reactor
capacity (Q =I400 Mw) which is in the second unit yet rather lower than an optimal one,
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i X : | ; 18 - Element of the pressure drop on the ccre;
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NIRRT N B o S ! 1=/ Shaft to vessel clutch sleeve; |
i HEN B e i 124=/ Control assembly; 3 - Bottom of |
b b ' i ‘the| shaft; 4 - Shield; S - Fuel
i i |ag blys - H '} =~ Core tank
P ble); 8 - Spacing grid;
i /= Protective tube assembly;
: il= Pressure vessel; 11 ~ Communi-
i ions of the temperature control -
N tem; 12,~ Removable cover block;
!~ Control assembly drive; 14 -
iMalntenance area
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" Pig. 3 The increase of the thermodynamic -
efficiency ag and of the relative
unp power an - (when stean generator
ga replaced by a throttling installation)
as a function of the temperature head in
steanm generatory and of the pressure
in the reactor p, and on the turbine p,.

The lower plot shows the relation

between minimim temperature head 2  and
Pq and p, pressures, at which

that 48 net efficiency does mot change,

~16ad_at rull pover,as a finctios"
~of-the-relonding-numb.r -n-for core
“1ife T, and of reloadiny time T
(duxillary time. taken equal 0
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Reactor scheme with "honeycomb" core
and with the change of liquid absorber
~concentration in the channel systen

‘1, Pressure’ vessel; 2 = Collectors of
~.1liquid absorber; 3 = Pipes of fuel
: blie '—_emeticity~cgnt;rol -and-

«ne. scheme ot lvdrodrive for. coxrbrol ‘
.agsembly .~ C i

,:l Support: plnte; 2 - Pla.te vith o
h;ydrocylinder ;jackets; 3 - ‘Inlet of
- the~cooling -water; & -:-Piston-shank
- ---of-the -operating- organ(nppor poiit:lon);
: 5~and—6*--l’osition indicators; - B
o pipe._E_-fIater_aupyJ:_nnder —
“To-position: 1nd1co. ors: -
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